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5. The Communication Method for Mobile Robots by Recognizing Gestures of Operators
—Quantitative Models and Reducing Miss-recognition for Gestures used in Robot Control—

by Jian LU**, Wei JIANG*** and Kyoko HAMAJIMA**

Abstract; When the gesture recognition is used in robot control, as a new method for human-robot
communication, it is required to do the risk analysis and the safety assessment for the method. Because the
requirements on safety and on reliability are strict, only those simple and easily-recognizable gestures could be
used in the current stage of gesture recognition technologies. In this paper, the gestures considered are restricted
to those inputed from still images and those formed only by two arms. A three dimensional (3D) model is
established for expressing gestures quantitatively in three dimensional space, and a quantity analysis model
based on the distance between gestures, which we call the Gesture Distance Model (GDM), are proposed for
evaluating about the possibility of gesture miss-recognition (or simply the miss-recognition risk). By applying
to the GDM the average body-sizes in the Japanese Body-size Database, an analysis table about the standard
distances between 16 basic gestures is obtained. In addition, an implementation for gesture recognition based on
the GDM, by using the standard body-size as the one side in GDM and the gesture to be recognized as the other,
is also proposed. Finally an explanation is also given about the gesture design method which causes small miss-
recognition risk.

The results and the importance of this paper are that the quantitative analysis of GDM, developed to
reducing the miss-recognition risk, can also be applied as a general quantitative analysis expression for all
possible arm gestures in still image. As the result,

1) This quantitative expression makes possible for defining and describing the gesture exactly without

ambiguity.

2) When implementing a gesture recognition system by using GDM, it is not necessary to learn and save
many image patterns and their variations to match whether an input gesture image is among the
designed ones. Instead, the images corresponding to designed gestures and to their variations can be
generated by calculation according to this model, and even the image match can be replaced by the
match of features.

3) By quantitative model for gesture expression, it is also possible to establish a standard for gesture
design and for safety evaluation used in human-robot interfaces.

Keywords; Human-machine Communication, Pattern Recognition, Gesture Recognition, Robot Safety, Risk
Assessment
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XBTAELGELH LD, NOHKREREEIZ3 LT
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EAEIET AT 2 T B X Y R o)
REMEDTE Ve 2D X9 BRiRRRk DO REMEIZ DWW T,
EmfbE T IV E I EEILETIIS T 2 S, RREREk

DI FEMEDANN Y = A F ¥ OFIR T OR300k D) A 7
DENTY 2 A F v BB AL EZHHT LI LI2LD,
VI AF XL DRy N ORELHIEANOEEA
HWFCcE 5%,

R TIE, BN RELRDL Y 2 AT v 2RI L
LERIEY 2 AF ¥ ICBREL T, Y2 AF v D3RI
BEETIVEPTZNICH DL Y 2 AT v O % -
THEMEIL SN EIRE L (5B28)), Z DR
VY 2 AF vk E R (3. T 7z,
HARAND NMEFEDOFEEZ T, FEAR 72 161H
OV AFyhShbY 2 AF ¥R L, #EE
WO EEMEDMET 2TV (5545T), FREERRY X 7 &
WP EELODY = AF v kel - B (45
fi) ICDWTHRR 5B,

2. VIAFvOHEETINEY T AF vEE
BEDEHA

TV r AF v BEBIIOWVTIIME S BHFFER DR
FELTOILHBHHED TWE2S, BIRTIEY = A
T v OFEF R ERBBTEDS Y AT LICHEL S
TWWw, Y AF ¥ DRk A7 2 28I
fEAT T DI E LT, 22T, Y AFv %
Bl & sl L-dborsic, A8, A, AF
W, KB, KN, EFEO6OOFMENS %5 E
7V (Fig.1) ZHWT, 3RICEMIIBITAEY = A
F X OPEFRET N, ZNICEDSL V2 AF v [
DEX ML SNIARE (P2 AF v HOHHE) <
KT HEZRET 5,

Fig. 1 Gestures expressed by feature points
BERICEZ D AFvRR
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VI AFYGIEBICL AEIE LD DICRET S
L, 60D\ MVTERTIENTEL,
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Z 2 TlEV, V2, V3, Va, Vs L NVl BEE 20 & L F 7 O(Head)
HE, G, HTY, £E, N, EFE~o~s L X
FVTHbD, DAY L AFYEHBI AT LIZERS N4
N7V 2 AF ¥ hmlld 5 &, iBEHOY 2 XF %G ; .
ETRD L) IS NS, 1 ?

Gi={Vi« | k=1,"*-,6} (2)

IGi | =1, ml3 B TOV=AF YO0 EETH L, A '
JHER A SR & L723RICZEMICB VT, & (2) DVi . : ;
Ik (3) TETILHTED, 2 4

Vi= (Xik, Yiks Zit) (3)
Fig. 3(a) Basic gestures 1-4

2.2 AETEHEEBHAZAVED I AFvOBERTR BERKS T XFv1-4

Table 1 Gesture Expressions by body-size Gi-Ga
AETEICEB VT XF v DOFRR: Gi-Ge

G (le—f’v 1)

e v, X1,1=-8 yui=h 71,=0
u X1.2=-8S y1,2=h+u Z|,2=0
X1,3=-8 yiz=h+a 713=0
a < Vs X14=S yis=h 714=0
X15=8S y1,5=h+u z15=0
L X1,6=8 y1,6:h+a 716=0
Vs Vs N
G (VY AF¥v2)
Fig. 2 Body-size and feature point X2,1=-8 y21=h 22.=0
Atk & AR X20=-5 yoshtu 22220
X2,3=-8 y23=h+a 723=0
KD EMT, Yo ATt AL CERT R "
BIL, g2l T AT LBAERAT 5. westa  yah o
h | HDOEZ (necklength) G (YxAF ¥ 3)
25 : A (shoulderwidth) X31=-S ys=h 22.=0
s | BIED25D1 X32=-8 y3,2=h+u 732=0
a Hg’.@@ﬁ X (armlength) X33=-8 y3,3:h+a 733=0
u . EBioOES (upperarmlength) X34=8 ys+=h 2:4=0
¥ 5L, Figd(a) R LZaMEOR Y = A F ¢ 12 Xs5=8 yss=h-u 235=0
SV, HFIOVZAF v EGTES &, KEAY Ks6=8 yss=h-a z5=0
T AF ¥ (ETablel 2 & ) FRTX 5, Gi (VY AF ¥ 4)
Fig.3 (b) ~ (d) IR THEARY = A F ¥5~16l12DW0 X4,1=-8 ya1=h 741=0
THTablel L [AFED D OBEZHIZHESL NS, X42=-8 ys2=h+u 742=0
X4,3=-8 yaz=h+a 743=0
X44=S ya4=h z44=0
X45=8 yas=h 745=0
X4.6=$ ya6=h 746=0



Fig. 3 (b)
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Basic gestures 5-8
EARKI 1 XF +5-8

23 Y AFvEOEREATTIV

VI AF X GikGiH O X (4) TE

© 00O N O G b W N =

—_ e e e e ek
o O B~ W N = O

dist (Gi,Gj)

6
= Zkﬂ H Vik —Vik ”

FI 5o

—zk 1 \/Xlk ka +<Yik_ij)rz+<Zik_ij>rz

(4)

o1

Fig. 3(c) Basic gestures 9-12
EAXRT 1 XAF+v9-12

11

2F D, dist (G,G) I Z£ X7 MV AT O HEEFTT
HY, TV AF Y EOEMMNERED SV HET
L EFT,

PRI, Fig.3 (a) ~ (d) 1378 L 72T O FLA A b1
TR INLIEHO Y 2 AF v R xt8 e L, A
RF i s u,al21d, SE4HTIC R B AIST AR
T = R=AV LB TFROFHEZLAL T,
(A2 & B AL 24T 5 725

Table 2 Distances between 16 basic gestures by applying average body-size of Japanese people
AEFTEERVEERARY « X F v REDIER

138
195
138
138
276
333
276
195
333
390
333
138
276
333
276

138

138
138
276
138
276
276
333
195
333
333
276
138
276
276

195
138

138
333
276
138
276
390
333
195
333
333
276
138
276

138
138
138

276
276
276
138
333
333
333
195
276
276
276
138

138
276
333
276

138
195
138
138
276
333
276
138
276
333
276

276
138
276
276
138

138
138
276
138
276
276
276
138
276
276

333
276
138
276
195
138

138
333
276
138
276
333
276
138
276

276
276
276
138
138
138
138

276
276
276
138
276
276
276
138

9 10 11 12 13 14 15 16

195 333 390 333 138 276 333 276
333 195 333 333 276 138 276 276
390 333 195 333 333 276 138 276
333 333 333 195 276 276 276 138
138 276 333 276 138 276 333 276
276 138 276 276 276 138 276 276
333 276 138 276 333 276 138 276
276 276 276 138 276 276 276 138

0 138 195 138 138 276 333 276
138 0 138 138 276 138 276 276
195 138 0 138 333 276 138 276
138 138 138 0 276 276 276 138
138 276 333 276 0 138 195 138
276 138 276 276 138 0 138 138
333 276 138 276 195 138 0 138
276 276 276 138 138 138 138 0
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Fig. 3(d)  Basic gestures 13-16

HAY 1 XF +13-16

2s=137.4cm
u =28.95cm (5)
a=68.7cm

EEALIRHT OFE S % Table212 78§, Table2D 47 &
FIDOFEF1,2, 1613 FNENY 2 A F ¥ OFTa K
T, 418, TNEFNEGLG - ,Gie& T o

Table2% VT, ¥ = AF X [HEHEOEK % 38
T5, VAT YGUIAK LT, HEEORKEZWIHIZE
32DV 2 AF v IIG,GnkGis. Thhb, T 4hbb,

dist (G1,G11) > dist (G1,G12)
dist (G1,G12) = dist (G1,Gis)

E b,

FigdlZ/R L7725 912, GilE, MiTFELDICTELT
WAHIRFETH D, ZNICx L CGuldmF & b1z
FOIRET, GiEGuOMEDERENFTRKTH LS
FIEEES R RICR L ZEDNPLIELLENTV S,
Gold, AFPGuLEILIHNICEFOIRETH D,
LEFDRTIZRIZT LAKFIZES->TEBY, GOLE
FMEECUDOEFMEBOHIZH S, WTFo# 2
HE, GG EDMEDERIZGUDIZIZ RIET,
HEEORE ST ZNDHHNLT W5, Gisld, Gk
EAHTHY, ZNENDOGEDHEIZREUIZ7% -
TWh, ZOBNIRL7-E DI, HEEZY 2 AF ¥
B ORERL D PEFRRLTWDE I EPHFET
&5,

Table2DEHH 2, AMETEDBOFIfE (FEHEfE)
A L7272%, Table2i3Fig.3 (a) ~ (d) D 16FEFH D
AR 2 AF v MOFHERRELE D E R 5, METE
DBOEX il () % ¥ = A F v Gl LT (3)
Dxik, Yik, 2kl AL TIEHEONE Y = AT v & fEilE
VIAFXEMNRZILLT D, SO AT ¥
Y 2 AF X EBSGE, Vo AF X QBB

g1 — T W
-
£
|.'I
L= T

12/& 11

Fig. 4 Meaning of distance based on
comparing with G1
G1E&EDEEBUC & B ERICHT 3 5 IRAE

BWCTEELRLEIILRLLDTH D,

XM@Y = 2F v WHEHEFHNE T VIETREOH
WIS &N TE DL,

1) ¥z AF ¥ DA
2) ¥z AT ¥ OFERRRO W e ORET
3) REHERBED Y = X F v H#R

EE) 12onT, 3. Y x AF Y EGIT 5E
W BRI, EMAMKRO Y = AF v g% 5l - 3R
MEL72BIC LD, BT A, 2) &3) 12DV, 4.
FEAEHE B (RAF S BT % RREREE O W HE M RREAN & 5.
VAT v BRI L IR A7 oL TENRE
NI 5,

3. J1AFvEGICXT BEHE - 25

VAT v BEBEORTIEO &L LT2.301)
Tim L2y 2 AF Y@ OFEBEFEIOWT, V=
AF ¥ WG OFHAFEER & ZOERZFIH L 72V = A
F Y BBOT-ODFNFITONWTHIAT 5,

3RTCEEEHIEEE ZFIH L, BN OB ERE T
- 7-Fig.3 (a) ~ (d) DIMFHD Y = A F ¥ IZH L, £
NZNK (3) DIFHTDOIRTTCIEELZFHI L 72 — A
OEYVDIFEHDOY 2« AF ¥GilZxt L, AE~}#:DB
DFHEEA L TELNEEY £ 2 F v Dk H
Git oz, X 4) TERSN-HREist (Gi,G))
DEFE BT 5720 Table313H 2 HERE IOV THE
ENTRTDAist (Gi,G') TH D, b AT,
Table3D—47H & Z OHERHZ DG & KIEHEY = 2 F
Y OHEEEEKT, ZOEIVIOESSIZG T & O ik
dist (G1,G) THY, ZOfTOR/METHH B, F
72, BT RTHOG EDBOEEE (10000 FofE)
LB L, ZoOS8IFFE L /AE v, ZOWE % F
HE, Vo AF v TRATy 71280, EHR
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Table 3 Distances between the gestures of a sample and the standard gestures
HHWERED16IEREY = X F v (FHAME) E1RE D 1 X F v EDIERE

1 2 3 4 5 6 7 8

1 58 150 191 156 159 260 296 266
2 143 49 148 157 250 169 252 256
3 199 153 60 127 304 255 175 231
4 157 161 154 72 253 273 250 175
5 154 249 290 252 60 167 203 177
6 239 149 247 253 150 755 159 167
7 295 253 158 223 205 162 81 142
8 253 260 252 168 154 180 156 85.6
9 202 299 338 301 147 250 279 256
10 288 199 295 302 237 158 235 246
11 344 303 207 272 292 244 157 221
12 301 310 300 217 241 262 232 165
13 160 252 283 251 165 273 307 282
14 245 151 240 252 256 182 263 272
15 301 256 152 222 311 268 186 247
16 259 263 246 166 259 286 261 191
T& 5%,

1) FE s oFH

ERICHEBRL LD L T5Y 2 AF v 0 AN gD
5, ) ICLB6D DI AR % FHEIT 5 (Fig.1) o
2) RIEHEY £ AF v L OREER W B
L L) 95T 2 AF vIidFig3(a) ~ (d) 125
IRENTZIGHED ) b D —DGiZHY, FHEjlcizeh
MERMTH H7:0, GxTET, TOAT v 7iEE
FL1) THERHENL 72 E 250 (4) 1T/CA L, dist
(Gx,G") %71+ 5, 22T, j=1,-,16, Gl
22016 DO IR Y = 2 F ¥ DEFAUNE )
FaAALIEHOEEY 2 A F ¥ Th b,
3)%¢ﬁ%r;591x%w@ﬁ%%ﬂm¢é
Ei2) OFETHEONRIEEY 2 AF ¥ L O
BELZA L,
dist (Gx,G
o,

dist (Gx,G'm) <<dist (G,GY)}
ThHhhi,

Gx=Gm
Thbb, BENEDY 2 AF v IECGmE HIKT5,
(7)) OF O G<<IIEBDERD R /NS Wk

'm) =min{dist (G,GY)} | j=I,...,16

| j=1,..,16 | j+m

9 10 11 12 13 14 15 16

193 285 330 303 163 265 314 266
274 191 288 302 248 172 275 254
337 284 200 277 306 250 175 231
284 299 284 201 249 270 275 176
144 233 291 257 157 261 310 260
225 139 250 257 242 168 272 248
288 231 161 232 300 246 172 224
235 247 245 156 243 266 272 170
75 169 202 175 130 231 279 234
157 747 160 175 215 138 241 222
220 167 717 150 273 216 141 198
166 183 156 74 216 236 241 143
154 240 282 267 73 172 218 173
236 146 241 267 158 791 179 161
298 238 152 242 216 157 791 137
245 254 236 166 159 177 179 83
ERL, BEIIGBOMEOT5O—LIT 2 ERT 5,

FERRIZ nﬂ%(%%/l}‘j"(’@mnﬁkﬁ(ffk LTD
HREZRMEES 5720121, £ DONEY > T
PSR @T%%ﬁﬁﬂ%%ﬁ?ﬁfﬂ‘g“@ »HHNY, HEEHNZ 0
77 LMIBTERETTH L7280, fFHRIZOVWTHIEE
WEd %0

4. FFEESHFHFEIC BT B REEH TR FTME

JIHEHEY 2 AF ¥ L OO ILEKICL SV 2 R
%vﬁ%ﬁ&%t&toﬁﬁvlz%vikwfﬁ
WYy () SRR RO N ERER YT »
7 #16DHRY £ 2 F ¥ DERNIAMCA L TEDS
N7z, FEHESPEE KEREDD D &) B x £F
DN 7w (LU, FEEHEREEY » 7L LIE5R)
ARRETHY AT v BWT, @WHTES

H, FREBROWREES EDORENEIIONT,
S PICTALERH L, 2T, 411220 MK

SHEDBOMEE % 3 L 72 EC, 4212 AME~FEDB®
YU TINERLDGREEMINZKXHIL T, @B,
BB, Sl K ZhEodsoD 7 v — 7|2
L, ENEFND T I —TOFEFE T, &
WD 2 AT v EOWEEA R T 5, F72, 431K



FRV—=F DY = AT v

EDBIC S A M P EE R E LT, BE, B
MRS R E 72 3R/ MEEZ BT A%~ 7 (LUF,
R~ v 7 ERER) kL, FRFNEREY
T AF v L OHEEE TS 5,

41 AfF~Hi%DB

KIFFE Tl > 72 AMMRSTEDBIX, 19974E 7251998
TP TR S N H R AR08 DT — 7 00 5
%57, AHlOBE, BAEOHARAND MR %
L, 22D NMEDIRICFEHTEREIZHED < AMET
ANTI—%RTH-OORET— 7 ZRET A
ZETHotz HNICBW T AT TR <
KETZ L DIRTCIIRT =7 b &EH 5, KL Tl
B, HENO, BiE, LFHES, BHESEZMHH
T5h, 72, & TIVEHEE LT, 2305, (5)
DEZE 72,

42 BED Y TIEIIXT IRIBEI XY

KETTIE, METEDBOY > T L2 HEDOEW
%'I‘ét BB, sut, Rwitkosoo 7 v
WL, SV ICEE, FERES, W
Eé EDPHED 7OV — T E R VT, EEY
AT v b OWEEE TS 5
Table47> 5 Table7E TIZFNEFN I D4DD 7 )L —
TOY 2 AF X HETHEOBEMETH b, TNEN
TN — T OFE)5FEE (avghl) W2 Tk
WHE D = A F ¥ & O FREED AT RS R % Fig.57%° 5 Fig.8
(NN S
Bl 2 1%, Fig.6IHBOF SIS T 5 &A1
HEOBRWEZEDOFEES > TVOIFEHDO Y = A
FYILEED 2 2 F vy OFHOHETH S, 320D
BMIIFNFNIFOEAED = 2 F ¥ L OFFE#Edist
(GLGY), 1FHOLUAOERED « 25 v L DFR/hE
BEmin{dist (G1,G")) | j=2,--16}, L 'K IEHE D = 2 F v
L O iEave(dist (G1,G) | j=1,16} % F$ o 1E
H4 & 3dist (G,G1) DEA20K G TH B L1
3L, min{dist (G,G}) 13§150TH %, G1IZG 1L
WOETOEHREY + 2F ¥ L O REVD
T, GLUAORERE D = 2 F v (R S NS W RENE
FIEF ISV, MDY = AF ¥ Gi | i=2,-,1612D
wf% FEEICIERE Y = A F v DGk LTSN
REMEDSE VY, MBOHENE Y « A F v IR S N
BEMEDIEE ISV, T74b L, Fig.6DiEHRH
%,Vlz%rmﬁﬂﬁmﬁf7wﬁ§§®ﬁwﬁ
PETH LA, EHETEDOY £ AF v (HElEY © 2
Fx) WAL (R/ANEMEAE) ORRGER
DU EEMEIIIERE IS VWEF 2 5,

FHEFP LB Ry vena3Iar—va TR

Table 4 Statistics on body-sizes for lower women

BROBWLME T IV — T DT EMEHE

avg min max (o}
Height 149 135 156 42
Shoulder breadth 349 315 384 147
Upper arm length 26.7 233 30 1.28
Arm length 63.5 576 68.7 202

Table 5 Statistics on body-sizes for higher women
BROSVWLME T IV — T O~ EifEHE

avg min max
Height 162 157 173 4
Shoulder breadth 36.6 33.7 39.9 13
Upper arm length 289 26 318 1.2
Arm length 68.4 63.8 741 25

Table 6 Statistics on body-sizes for lower men

BROBEWEMET IV — T O~ EkREHE

avg min max (o}
Height 161 1488 168 45
Shoulder breadth 38.2 345 41 1.64
Upper arm length 2838 254 31.7 14
Arm length 68.9 62.8 745 24

Table 7 Statistics on body-sizes for Higher men
BROSVWEMT IV — T O~ EixEHE

avg min max g
Height 173 169 182 38
Shoulder breadth 39.9 36.6 44 1.5
Upper arm length 314 28.9 353 15
Arm length 74 69.1 81.1 23

Fig.5, Fig.7, Fig.8D#EH, Fig.6L [T, ¥V =
AT X B OR G 2 TIVHER, HR LR <,
WY 2 AF ¥ 2 Wi (Bl 2 AF v
& DO/ NIEEHIRT:) ORAREERO WTREVE L IER 1T/
Swnwkwnz b,
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B [tance wih the same standard pedtures

W Mersmum dstanca with abher standard gestures

etmnos O Averaps detince weth olher standard gastiorss

300
B0
200 |
190 &=

1 2 3 45 5 7T 88 W1 i2131415 186
Gasture Ma

Fig. 5 Analysis of distances between gestures of
higher-women sample and standard
BROSVWEMY LTIV EBEY T X F v
D EEBEEAT

B Distance with the same sterderd geciuras
Digtance W Minimum distance with ether standerd gestores

0 O fverapgs dstance with other standerd gacturas

1 23 4836 T8 9 1001121381516
Gasture No

Fig. 6 Analysis of distances between gestures of
lower-women sample and standard
BROBVWAMY > TIVEIEEY 1 X F &
D EEBEEAT

4.3 fBiE~HEY > TIVICKT HEEERH Y X

MESTEDBICH Y = AF v M@~ 0 g E,
JBiE, bR, BWESPFRAEE MEOY 7
WAL, (Y = 25 % & OFEEEZ AT U720
KEEDHT ¥ T WD T DFNTHER % Fig. 912K
o MBORIGET ~ TN D W T b [AIKE kG At
BoNi, TNOHEROFMFIIIERET 55,
Ui SIEOT Y TV D LT, 20 LTIV oi
FHOY 2 AF ¥ i HUAIN O Y = 2 F v % 3843055

B Distance with the same standerd gesiures
Distance . W Minimum datancs with ether standard peelurns

0 Average detance with other standerd gestures
a0

P& 3 408 78 32 10804203 M b5 14
Bestiura Ma,

Fig. 7 Analysis of distances between gestures of
higher-men sample and standard
BREODSVEMY L TINEEEY T X F v
DEEBEREAT

O Dstanice with the same standord gestures
[stance W Msnirrin dtsncs with othir landird pestures

O frvarape detance with othar starderd geeturs
aod |

250 | e N
200 = | H .
154 | A b bt | ] | A4 o=

1 2 34 5 6 7 8 910171213 141518
Gasture Mo,

Fig. 8 Analysis of distances between gestures of
lower-men sample and standard
BREOEVEMY L TINEEES T X F v
DEEBEREAT

EN LA FEMEIE, Fig.5~Fig.8IZ/RL7ZL NIV XD
BETEL BN, HKKkE LTIEFIZEVLANLT
BB, Thbb, WuIEot  TVIHLTYH,
BHEY 2 A F v Z W8k (BlEY 2 A5 ¥
& DOR/NEEEHIRIE) SEATEETH B 2 & DR
T& 5,

5. 1 AFHBEIRICKBEIEBY X7 DED
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